A new series of salicylanilide acetates was synthesized and evaluated for their in vitro antifungal and antituberculotic activity. Some of the evaluated compounds possessed comparable or better antifungal activity than a fluconazole standard. All these compounds exhibited very good potential and their in vitro activity against drug resistant and sensitive clinical isolates of Mycobacteria were found to be equivalent or better than a standard of isoniazide, a well-known first-line drug for tuberculosis treatment.
Introduction
Salicylanilides possess a wide range of biological activities [1] [2] [3] [4] . A new mechanism of action of these compounds was discovered in 1998. They act as inhibitors of the two-component regulatory system (TCS) in bacteria [5, 6] . The importance of electron-attracting substituents in the salicyloyl ring and hydrophobic groups in the anilide moiety for optimal activity have been noted. Removal of the 2-OH group resulted in the loss of activity [5] .
In studies of the antimicrobial activity of salicylanilides, blocking the phenolic hydroxyl group by esterification with amino acids (Gly or Ala) afforded benzoxazepine derivatives by 7-exo-trig cyclization, while amino acid esters (Val, Phe) immediately rearranged to N-(2-anilino-2-oxoethyl)-2-hydroxybenzamide derivatives [7] . Therefore, the essential similarity of the discussed compounds with the salicylic/acetylsalicylic acid analogy was used. The acetyl group was introduced on the phenolic moiety in the C 2 position of the salicylic nucleus of the starting antimicrobial active salicylanilides to obtain new compounds with more convenient physico-chemical properties as well as a more convenient form for biotransformation of antimycobacterial and antifungal active salicylanilides.
The present study is a follow-up paper to the previous articles dealing with the antimicrobially active compounds as potential drugs [8] [9] [10] . This pilot study is concerned with the synthesis and antimicrobial evaluation of the novel series of variously ring-substituted salicylanilide acetates.
Results and Discussion
Salicylanilides were prepared from the appropriate substituted salicylic acids and substituted anilines with PCl 3 in a MicroSYNTH MLS ETHOS 1600 URM microwave reactor. Preparations of starting salicylanilides 1a-i are described [8] . Acetylation was performed either by activation of the acetic acid carboxyl group with N,N´-dicyclohexylcarbodiimide (DCC), (Method A) or by reaction of phenolate and acetic anhydride (Method B) (Scheme 1). Esterification with acetyl chloride led to Nacetylsalicylamide acetate 2j. Scheme 1. Synthesis of salicylanilide acetates. The lipophilicities (log P/Clog P values) of the studied compounds 1a-i and 2a-j were calculated using two commercially available programs (ChemDraw Ultra 10.0 and ACD/Log P) and measured by means of a RP-HPLC determination of the capacity factors K with a subsequent calculation of log K [9] . The results are shown in Tables 1 and 2 . The experimentally determined lipophilicities (log K values) for both series of substituted salicylanilide derivatives 1a-i and 2a-j were lower than those calculated by log P/Clog P; only ACD/Log P for the series 1a-i correlated with log K. The ChemOffice program resolves neither C 4 /C 5 chlorine substitution in benzene ring nor C 3´/ C 4´ substitution in the phenylcarbamoyl moiety, respectively. In both series of salicylanilide derivatives, compounds 1 and 2 substituted with chlorine in the meta position with respect to the benzene ring carbamoyl group showed a higher lipophilicity than the compounds with para chlorine substitution. Individual substituents in the anilide part of the molecule show the following dependence with log K data: 4-Cl < 3-Cl < 4-Br < 4-CF 3 < 3,4-Cl. When the experimental log K values of both series of salicylanilide derivatives 1a-i and 2a-i are compared with one another, it can be seen that series 1a-i possesses higher hydrophobicity than the acetylated series 2a-i. This is probably due to intramolecular interactions of the unsubstituted phenolic moiety with the carboxamide (-CONH-) bridge in individual compounds. Minimum differences could be observed among the pairs 1f/2f, 1g/2g, 1h/2h. All these compounds are substituted by a chlorine atom in the para position of the carboxamide moiety. The differences cannot be explained on the basis of the results presented here.
The prepared esters 2a-j exhibited antifungal activity against eight tested strains at concentrations ranging from from 31.25 to 0.49 µg/mL ( Table 3 ). The highest activity of the tested compounds 2a-i was found against Trichophyton mentagrophytes. All the evaluated compounds showed higher activity than a fluconazole standard against Aspergillus fumigatus and Absidia corymbifera strains. Some compounds also possessed activity comparable to that of fluconazole against Candida krusei. The diacetylated salicylanilide 2j was the compound with the poorest activity (MIC ≤ 31.25) against all tested fungi and yeast strains. The hydrogen on the amidic nitrogen is evidently responsible for this effect. The dependence between the sum of in vitro antifungal activities against all the tested fungal strains and the logarithm of the retention factor (log K) of the studied compounds 2a-i is described in Figure 1 . Generally, it could be assumed that an optimum lipophilicity (log K ranging from 0.40 to 0.50) corresponded with high antifungal activity − see compounds 2c, 2d, 2h, 2i. Bromine and especially a trifluoromethyl substituent on the anilide moiety are the most beneficial for high antifungal activity. 4-Chloro-2-[4-(trifluoromethyl)phenylcarbamoyl]phenyl acetate (2d), log K = 0.4637 showed the highest activities against all fungal strains tested. All prepared salicylanilide acetates 2a-j were evaluated for their in vitro antimycobacterial activity. Most compounds showed activity comparable with isoniazide (INH) against clinically isolated Mycobacterium kansasii 6500/96 and they have also shown very good activity against non tuberculous strains M. avium My 330/88 and M. kansasii My 235/80 while INH is inactive; for details see Table 4 . N-Acetylation of the amidic nitrogen did not lead to a decrease of activity as was found in the case of the antifungal activity. Compound 2a, as in the antifungal evaluations, possessed the lowest antituberculotic activities against all tested Mycobacteria strains.
Chlorine substitution in the meta position of the acetylsalicylic nucleus (except 2a) shows a positive influence on antituberculotic activity, contrary to antifungal effects, which showed the opposite order. Substitution in the position C 4´ or disubstitution in the C 3´ and C 4´ positions of the anilide moiety seems to be very important for high activity. The best activity against M. tuberculosis was shown by 4-chloro-2-(3,4-dichlorophenylcarbamoyl)phenyl acetate (2e) that also possesses the highest hydrophobicity. Similar dependence between lipophilicity/antimycobacterial activity against atypical strains can be found between lipophilicity/antifungal activity. 4-Chloro-2-[4-(trifluoromethyl)phenylcarbamoyl]phenyl acetate (2d) was found the most active against all atypical strains in concentration range 2-4 µg/mL. This compound also showed the best antifungal activity. Although the hydrophobicity seems to be one of the important parameters influencing biological activity, no direct dependence between antimycobacterial activities and lipophilicity of the discussed compounds was found. Cytotoxicity assessments made on human intestinal cells HCT-8, unfortunately, showed higher toxicity of the prepared salicylanilide acetates than the standard isoniazide. 
Conclusions
In summary, synthesis and biological evaluation of ten salicylanilide esters of acetic acid 2a-2j are described. All the target products were tested for their in vitro antifungal and antituberculotic activities. 4-Chloro-2-[4-(trifluoromethyl)phenylcarbamoyl]phenyl acetate (2d), log K = 0.4637, showed the highest in vitro activities against all eight fungal strains tested. The high activity shows continuity with the 4-trifluoromethyl substitution in the anilide part of the molecule and the optimum lipophilicity (log K) ranged from 0.40 to 0.50. The 4-trifluoromethyl substitution in the anilide moiety (compound 2d) also seems to be optimal for high activity against atypical strains of Mycobacteria. 4-Chloro-2-(3,4-dichlorophenylcarbamoyl)phenyl acetate (2e) possesses the highest activity against M. tuberculosis. This compound showed the highest lipophilicity in the discussed series, log K = 0.6053. N-Acetylation of the amidic nitrogen decreases antifungal activity, but does not affect antituberculotic activity. The lowest cytotoxicity was found for the compound 2c. All the most active compounds unfortunately showed relatively high cytotoxicity.
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M. tuberculosis
My ). The plates were visualized using UV light. Synthesis, physico-chemical data and analytical parameters of the discussed starting salicylanilide derivatives 1a-1j are described in ref [8] .
HPLC determination of lipophilicity (capacity factor K / calculated log K)
A Table 1 and  Table 2 .
Lipophilicity calculations
Log P, i. e. the logarithm of the partition coefficient for n-octanol/water, was calculated using the programs CS ChemOffice Ultra ver. 7.0 (CambridgeSoft, Cambridge, MA, U.S.A.) and ACD/Log P ver. 1.0 (Advanced Chemistry Development Inc., Toronto, Canada). Clog P values (the logarithm of noctanol/water partition coefficient based on established chemical interactions) were generated by means of CS ChemOffice Ultra ver. 7.0 (CambridgeSoft, Cambridge, MA, U.S.A.) software. The results are shown in Table 1 and Table 2 .
Synthesis of salicylanilide acetates 2a-j
Method A: Substituted 2-hydroxybenzamide (5 mmol) was dissolved in dry N,N-dimethylformamide (25 mL). The solution was cooled to -10 °C and glacial acetic acid (5 mmol) was added via micropipette. N,N´-Dicyclohexylcarbodiimide (DCC, 5.5 mmol) was added in three portions during 1 h. The mixture was then stirred for 3 h at the same temperature and stored at 4 °C for 24 h. The precipitate of N,N´-dicyclohexylurea was removed by filtration and the solvent was evaporated under vacuum. The crude product was crystallized from ethyl acetate-hexane.
Method B: Substituted 2-hydroxybenzamide (5 mmol) was dissolved in sodium hydroxide solution (50 mmol in 80 mL distilled water). The solution was cooled in water-ice mixture and acetic anhydride (55 mmol) was added. The mixture was stirred for 30 min at the same temperature. The precipitate was collected by filtration, washed with cold distilled water and dried under vacuum at room temperature. The crude product was purified by crystallization from ethyl acetate-hexane. 
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4-Chloro-2-(3,4-dichlorophenylcarbamoyl)phenyl acetate (2e
Antifungal evaluation
The broth microdilution test M27-A The results of all in vitro tested compounds are summarized in Table 3 .
Antimycobacterial evaluation
In vitro antimycobacterial activity was evaluated against M. tuberculosis CNCTC My 331/88, Mycobacterium kansasii CNCTC My 235/80, M. kansasii 6509/96 and Mycobacterium avium CNCTC My 330/88. All strains were obtained from Czech National Collection of Type cultures (CNCTC), except M. kansasii 6509/96 which was clinical isolate. The antimycobacterial activities were determined in Sula semisynthetic medium (SEVAC, Prague, Czech Republic) at pH 6.0 and 37 °C. The compounds were added to medium as dimethyl sulphoxide solutions. The following concentrations were used: 250, 125, 62, 32, 16, 8, 4, 2 and 1 µmol/L. MIC values were determined after incubation at 37 °C for 7, 14 and 21 days. MIC was the lowest concentration of a substance at which the inhibition of the growth of mycobacteria occurred, see Table 4 .
Cytotoxicity assay
The cytotoxic effect of the compounds was tested at concentrations equal to and higher than the MIC for M. tuberculosis by MTT assay [14] on human intestinal cell line HCT-8. The cells were grown in RPMI medium supplemented by 10% horse serum and 2 mM sodium pyruvate at 37 °C in a humidified atmosphere of 5% CO 2 . For the experiments, the cells were harvested with trypsin, resuspended in a fresh medium to a final concentration of 5×10 4 cells/mL and seeded in aliquots (100 µL) onto 96-well Nunclon ® tissue culture plates (Nunc GmbH & Co. KG, Germany). The medium was removed after 72 hours of cell incubation and replaced by RPMI culture medium containing the tested compounds dissolved in DMSO (1%). In control wells, the cells were incubated in a medium containing DMSO without the tested compound (positive control for cell viability) and in the medium containing 5% DMSO (positive control for cytotoxic effect). The ability of the compounds to inhibit cellular growth was determined after 72 h by adding MTT solution (10 µL, 5.5 mg/mL, SigmaAldrich, USA) to each well. After incubation for 4 hours, the dark blue formasan crystal product was dissolved in lysis solution (10% SDS with 0.01 M HCl, 100 µL). The absorbance was read at 590 nm using multiplate spectrofluorimeter GENios PlusTM (Tecan, Switzerland). Each concentration of the compounds was tested in triplicates; the assays were repeated three times in separate experiments.
